190 UIsI A1l

=r v

@

Europidisches Patentamt

a> European Patent Office

Office européen des brevets

(@) Application number: 85200886.1

() Date of filing: 06.06.85

0 168
A1l

@ Publication number:

EUROPEAN PATENT APPLICATION

@ int.cl: H 01 J 29/48
H 01 J 29/84

079

Priority: 08.06.84 NL 8401824

@ Date of publication of application:
15.01.86 Bulletin 86/3

Designated Contracting States:
DE FR GB IT

@ Applicant: N.V. Philips’ Gloeilampenfabrieken
Groenewoudseweg 1
NL-5621 BA Eindhoven(NL)

@ Inventor: Van den Berg, Jacob
c/o INT. OCTROOIBUREAU B.V. Prof. Holstlaan 6
NL-5656 AA Eindhoven{NL}

@ Inventor: Himmelbauer, Erich Eduard
c/o INT. OCTROOIBUREAU B.V. Prof. Holstlaan 6
NL-5656 AA Eindhoven{NL)

Representative: Koppen, Jan et al,
INTERNATIONAAL OCTROOIBUREAU B.V. Prof.
Holstlaan 6
NL-5656 AA Eindhoven(NL)

@ Television camera tube.

@ A television camera tube comprising in an evacuated
envelope (1) a diode electron gun for generating an electron
beam, comprising, centred along an axis {(20) successively, a
cathode (33} having an emissive surface (37).extending
substantially at right angles to the said axis, an anode (10)

having a flat part {105) which extends substantially at right

angles to the axis and having in its centre a portion {106}
which extends in the direction of the cathode and whose
inner and outer walls {107, 108} converge to the axis (20),
which outer wall (108) changes into an apical surface (109)
which is substantially parallel to the emissive surface (37)
and which has a central aperture (110). If a flat electrode
which is electrically connected to the anode is connected at a
distance d from the apical surface on the side of the anode
remote from the cathode, d being between 4 and 25 times
the distance from the apical surface (109) to the emissive
surface (37), which flat electrode (102) has a centra! aperture
{103} which has a diameter which is substantially equal to the
diameter of the electron beam at the area of the electrode,
the return beam (100) passing through the diaphragm {(9)
with small deflection angles of the electron beam in the
non-focused condition is captured by said flat plate-shaped
electrode {102} and the number of secondary electrons varies
to a considerably lesser extent than without said plate-
shaped electrode (102). The observability of interference
signals is reduced thereby.
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"Television camera tube"

The invention relates to a television camera tube comprising
in an evacuated envelope a diode electron qun for generating an electron
beam, comprising, centred along an axis successively, a cathode having
an emissive surface extending substantially at right angles to said
axis, an anode having a flat part extending substantially at right
angles to the axis and having in its centre a portion which extends
in the direction of the cathode and the inner and outer walls of which
converge to the axis, said outer wall changing into an apical surface
which is substantially parallel to the emissive surface and which has
a central aperture.

Such a television camera tube is disclosed in United States
Patent Specification 4,376,907 (PHN 9526) which may be considered to be
incarporated herein.

Such a television camera tube furthermore comprises a target,
for example, consisting of a signal layer having thereon a photoconductive
layer for recording the information of the scene to be recorded. Provided
between said target and the diode electron gqun are a focusing lens for
focusing the electron beam on the target and a diaphragm for limiting
the electron beam.

In German Patent Application 29 42 063 laid open to public

inspection a similar television camera tube is described having a diode

electron gun. The part of the anode which extends in the direction of
the cathode has an outer wall which converges to the axis. The inner
wall of said part and the remainder of the anode is tubular and extends
coaxially around the axis. A plate is connected immediately against
the anode on the side remote from the cathode and has connected thereto
on the cathode side a second gold diaphragm plate having a beam-restric-
ting aperture. The distance from the apical surface to said plate
according to the Figure shown in the said Patent Application is approxi-
mately 1.5 times the distance fram the emissive surface to the apical
surface.

Such television camera tube as described hereinbefore are
generally known and are sometimes termed vidicons. The operation of a
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vidicon is as follows. Under the influence of the deflection fields,
an electron beam of a sufficient current strength scans the free surface
of the photoconductive layer of the target according to a given raster
and brings said surface point-wise at the potential of the cathode
which is termed zero volts. Between two successive scans the potential
of each point of the free surface of the photoconductive layer increases
under the influence of a positive potential which is applied to the
signal laver and under the influence of photoconductivity which is
generated in the photoconductive layer by the optical image projected
thereon. Each point, or more exactly, each elementary surface element,
of the photoconductive layer, together with the underlying signal layer,
constitutes a capacitor. The charge of said capacitor is periodically
campleted by the scanning electron beam, for which more charge is re-
quired according as more light is incident on the point in question.
The current which consequently flows through the connection of the signal
layer camprises the information of the projected image as a function
of time. The current strength of the electron beam must be large enough
to provide elementary capacitors, which are considerably discharged as
a result of large light intensity, with sufficient charge. As soon as
the the free surface of the photosensitive layer has reduced to zero
in a given point, the electrons of the electron beam can no longer reach
said point any more. Their speed becomes zero and they are then accelera-
ted in the reverse direction and form the so~called return beam. The
said return beam also experiences the influence of the deflection fields
and scans the surface of the diaphragm facing the photoconductive layer.
A portion of the secondary electrons generated on the diaphragm has sub-
stantially the same kinetic energy as the electrons of the return beam
and farms a secondary beam which, together with the original (primary)
electron beam, scans the photoconductive layer ut in a different place
fram the primary electron beam because the secondary beam passes through
the deflection fields in a different place. As a result of this a dis-
turbing signal is formed which is visible in the picture to be displayed.
In order to prevent the disadvantageous effect of the return
beam for the greater part, it is suggested in German Patent Application
2230529 (PHN 5726) laid open to public inspection to cause the surface
of the diaphragm facing the photoconductive layer, in so far as it is
not situwated in the immediate proximity of the axis of the tube, to’
enclose an acute angle with the direction of the said axis. This is
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preferably realized by giving the diagragm the shape of a truncated
cone which extends in the direction of the target and in which the
aperture is provided in apical surface.As a result of this, the secon-
dary beam has a major direction which is not directed towards the
target, because a very large portion of the generated secondary elec-
trons have a direction which is associated in the same manner with

the direction of the primary (incident) electrons and with the normal
to the surface of the diaphragm as is the case in the reflection of
light rays (the angle of incidence is equal to the angle of reflection).

A different solution is given in German published Patent
Application 24 34 139. It is suggested to provide a flat diaphragm
on the side of the target with a layer of a material having a small
coefficient of secondary emission. Chramium is suggested as being
particularly suitable since an oxide skin soon forms on it in air.

As is known from German Patent Specification 587,386, chramium oxide
is a very good suppressor of secondary emission.

In tubes having flat, convex or conical diaphragms in
which the above-mentioned measures have been taken, however, the follo-
wing problem occurs. With small deflection angles of the primary
electron beam, an interference signal still occurs as a result of
secondary electrons in the recorded scene.

It is therefore the object of the invention to provide
a television cameratube in which these interference signals have been
minimized.

For that purpose, a television camera tube of the kind
described in the opening paragraph is characterized according to the
invention in that a flat electrode comnected electrically to the anode

is provided at a distance d fram the surface on the side of the anode re-

mote fraom the cathode, d being between 4 and 25 times the distance
from the apical surface to the emissive surface, the said flat electrode
having a central aperture which has a diameter which is substantially
equal to the diameter of the electron beam at the area of the electrode.
The origin of the secondary electrons which give rise to
the interference signal was initially not clear. By using the inwvention,
the recognition is gained that with small deflection angles of the
electron beam a part of the return beam still falls through the dia- -
phragm aperture. In tubes having a diode electron gun, this part of the
return beam is focused on the anode by the focusing lens and generates
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secondary electrons which can again reach the target and give rise
there to interference signals. During the scanning of the target by the
electron beam, the anode is also scamned by the retuwrn beam focused
thereon.,

Because in the known diode guns, from which is started,
the central part of the anode on the side remote fram the cathode has
a wall converging towards the axis as described in United States Patent
Specification 4,376,907 or, as described in German Patent Application
29 42 063, consists of two plates in a different location along the
axis and of two types of materials, and the return beam is focused on
said anode, rapid variations of the number of generated secondary elec~
trons occur due to this irregular design and/or differences in material,
as a result of which the observability of the interference signal is

By using an entirely flat electrode at a sufficiently large
distance d from the flat apical part of the ancde, the return beam falls
on said anode. Since the return beam at the area of said electrode is
less focused and the electrode is flat, the mumber of generated
secondary electrons will vary camparatively slowly, so that the signal
caused hereby will become visible to a considerably smaller extent.

The aperture in the flat electrode has such a diameter that
the passage of the effective part of the electron beam is not hampered.
Said diameter is preferably equal to the diameter of the electron beam
at the area of the flat electrode or at most 25% larger.

If the flat electrode is connected to the anode by means
of a metal cup-shaped spacing element widening in the direction of the
flat electrode, the flat electrode can be incorporated in a simple manner
in known diode guns. Such a diode electron gun is disclosed in European
Patent Specification No. 0048510 (PHN 9840) which may be considered
to be incorparated herein.

If the flat electrode, at least on the side remote from the
cathode, consists of a material which has a coefficient of secondary
emission which is smaller than 1, the total quantity of secondary elec—
trons generated at the anode .is still reduced. ’ '

The invention will now be described in greater detail, by
vay of example, with reference to the accompanying drawing, in which:

Figure 1 is a longitudinal sectional view of a cathode ray
tube according to the invention,
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Figure 2 is an elevation of a part of Figure 1, and

Figure 3 is a secticnal view of a part of Figure 1.

Figure 1 is a longitudinal sectional view of a television
camera tube according to the invention. This tube comprises a cylindrical
glass envelope 1 which has a stepped shape obtained by drawing a glass
tube which has been softened by heating on a stepped mandril. At one
end, the said tube is sealed by a window 2 on the inside of which the
photosensitive target 3 is provided. The window 2 lies on the edge 4
which is parallel to the step surfaces 5, 6 and 7 against which a gauze
electrode 8, a diaphragm 9 and an anode 10, respectively, bear. In this
manner the said components are accurately positioned with respect to each
other. Wall electrodes which are not shown in the drawing are provided
in the usual manner on the inner wall of the cylindrical envelope. A
cathode support 11 is connected against a first electrode, the anode 10.
The glass envelope 1 on the side opposite to the window is sealed by
means of a cap 12 which is connected against the tube by means of an
enamel 13. Connection strips 14 which are passed through the enamel
seam and also constitute the connections for the anode, the cathode
and the cathode filament current extend from the cathode support 11.
The target 3 usually consists of a photoconductive layer which is
provided on a transparent signal plate. However, the target may also
camprise a heat-sensitive layer. The return beam 100 (indicated by a
broken line with arrow) returning from the target passes through the
aperture 101 in the diaphragm 9 when the deflection angles of the pri-
mary electron beam are small. Because the tapering anode (see Figures
2 and 3) comprises a flat plate-shaped electrode 102 having a central .
aperture 103, rapid variations in the gquantities of generated secondary
electrons will not occur due to said flatness and because the return
electron beam is not focused there.

Figure 2 is an elevation of a part of Figure 1. The anode 10
which has a funnel~-like aperture 21 lies on the stepped surface 7 which
forms a part of the inner wall of the enwvelope which is at right angles
to the axis 20 of the enveldpe. This anode is described elaborately in
United States Patent Specification 4,376,907. A cathode support is
connected against the anode 10. Said support camprises a first plate-
shaped metal part 22 which makes electrical contact with the anode. The
second plate-shaped metal part 24 and third plate-shaped metal part 25
situated in one plane are connected against the said first plate-shaped
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part by means of an electrically insulating sealing glass 23. These

two parts constitute the connections for the cathode filament 29 via

the contact springs 26, the rods 27 and the metal fins 28. A fourth
plate-shaped metal part 30 is connected against the said two plate-shaped
parts 24 and 25, again by means of an electrically insulating sealing
glass. The said fourth plate-shaped part comprises strips 31 which extend
parallel to the axis 20. A metal intermediate plate 32 from which a
cathode shank 33 having an emissive surface 37 is suspended by means of
bands 34 is comnected to the said strips. The metal intermediate plate
has a central aperture in which a heat reflection screen 35 is provided
coaxially around the cathode shank 33. Said cathode shank provided in

a heat reflection screen forms the subject matter of Netherlands Patent
Application 8002343 (PHN 9733) laid open to public inspection which may
be considered to be incorporated herein. Via the four plate-shaped parts
which together constitute the cathode support 11, comnection strips 36
extend which are passed through the tube via the enamel 13 and constitute
the electric connections for the anode, the cathode and the cathode
filament current. The rods 27 are provided in the intermediate plate

32 by means of a sealing glass 23. The anode 10 further comprises a
metal cup-shaped spacing element 104 which widens in the direction of

the flat electrode 102. The electrode 102 comprising aperture 103 is coated,

on the side rempte fram the cathode, with a layer of gold to prevent
secondary emission and surface charge as mach as possible.

Figure 3 is a sectional view of the part shown in Figure 2..
The anode 10 has a flat part 105 which extends at right angles to the
axis 20 and has in its centre a portion 106 extending in the direction
of the cathode ard the inner and outer walls 107, 108 of which converge
in the direction of the cathode towards the axis 20. The outer wall 108
changes into the apical surface 109 which has a central aperture 110.
At a distance d fram the apical surface 109 on the side of the anode
10 rawte from the cathode, a flat electrode 102 is provided so as to be
electrically connected to the anode. The distance d is between 4 and 25
times the distance from the apical surface 109 to the emissive surface
37, so that the retiirn beam is not focused on the electrode 102. The‘ flat
electrode 102 has a central aperture 103 which has a diameter which is
approximately equal to the diameter of the electron beam at the area
of the electrode 102.
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Claims:
1. A television camera tube comprising in an evacuated envelope

a diode electron gun for generating an electron beam, comprising,
centred along an axis successively, a cathode having an emissive
surface extending substantially at right angles to said axis, an anode
having a flat part extending substantially at right angles to the axis
and having in its centre a portion which extends in the direction of the
cathode and the inner and outer walls of which converge to the axis,
said outer wall changing into an apical surface which is substantially
parallel to the emissive surface and which has a central aperture,
characterized in that a flat electrode connected electrically to the
anode is provided at a distance d from the surface on the side of the
anode remote from the cathode, d being between 4 and 25 times the
distance from the apical surface to the emissive surface, the said flat
electrode having a central aperture which has a diameter which is
substantially equal to the diameter of the electron beam at the area of
the electrode.

2. A television camera tube as claimed in Claim 1, characterized
in that the diameter of the aperture in the flat electrode is substan~
tially equal to the diameter of the electron beam at the area of the
flat electrode or is at most 25% larger.

3. A television camera tube as claired in Claim 1 or 2, charac-
terized in that the flat electrode is comnected to the anode by means
of a metal cup-shaped spacing element which widens in the direction of
the flat electrode.

4. A television camera tube as claimed in any one of the
preceding Claims, characterized in that the flat electrode, at least on
the side remote from the cathode, consists of a material which has

a coefficient of secondary emission which is smaller than 1.
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